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Introduction
Coupling of alkynes with orthomanganated aryl ketones to form 1H-inden-1-ols has been reported by us [1, 2] and by Liebeskind's group [3] , as have the corresponding alkyne-coupling reactions of orthomanganated N,N-diphenylhydrazones of acetophenone and benzaldehyde to form indenylhydrazines [4] . Cambie et al. subsequently used these methods to prepare new steroidrelated compounds using substrates derived from the natural product podocarpic acid [5] .
We have reported in a review [6] the initial finding [7] of an equivalent reaction of dimethyl acetylenedicarboxylate (DMAD) with the N-acetyl-coordinated manganated indole 1 [(1-acetyl-Oindolyl-C 2 )tetracarbonylmanganese; 1] to form (Scheme 1) the carbinolamine 6a (dimethyl 1-hydroxy-1-methylpyrrolo[1,2a]indole-2,3-dicarboxylate) whose pyrrolo-indole skeleton matches that of the mitomycin group of antibiotics [8] . Because there is renewed interest in the synthesis of this class of polycyclic indole derivative [9] we report more general alkyne-coupling chemistry of 1, its Mn(CO) 2 [P(OMe) 3 ] 2 analogue 2, and the related 2-Mn(CO) 4 derivatives of 3-acetylindole and N-methyl-3-acetylindole (3, 4) . The report also includes the synthesis of the new cyclomanganated indole derivatives 2, 4, 5a
and 5b. The complex crystal structure of 5b is reported as well as those of the DMAD coupling product 6a from 1 and an unusually cyclised triple-acetylene-insertion product from 4. Under thermal activation, by heating under reflux for the stated periods, generally much poorer yields are achieved here with the 2-Mn(CO) 4 derivative of N-acetylindole than for the 2-Mn(CO) 4 derivative of acetophenone, with significant material loss through demetallation of starting material in part responsible. Yields for thermal activation with 1 are really only acceptable for synthesis with diphenylacetylene and then only when using petroleum spirit or benzene as solvent (entries 5 and 6).
2-Hexyne, which gives acceptable indenol yields with cyclomanganated acetophenone [2] , fails altogether to do so with 1 under thermal activation (entries 9-12).
With oxidative activation using trimethylamine oxide in acetonitrile at room temperature, MeCN failed for 1 with DMAD (entry 23), the yield of 6a (5%) being negligible by comparison with that using Me 3 NO activation in the same solvent.
When 1 was reacted with acetylene (entry 13), no derivative of type 6 was detected. Instead, a 16% yield was obtained of a mono-insertion product 7a, in which the acetyl group has been transferred to the alkene side-chain, presumably via the breakdown of an initial carbinolamine product like 6a. To see whether the reactivity could be changed by altering the coordination geometry around the manganese atom, a substituted derivative of 1 was synthesized by thermal reaction with excess trimethylphosphite to give the disubstituted compound 2. Characterisation data is given in the experimental section, where the single 31 P resonance, and the two equally intense (CO) bands both indicate that the two phosphine ligands are mutually trans, together with cis CO groups. This is the same pattern as was found for the crystallographically characterized di-phosphite substituted compound derived from cyclomanganated triphenylphosphine sulfide [11] .
Replacement of two of the metal carbonyl ligands by trimethylphosphite to give the complex 2 serves only to deactivate the Mn center to coupling, at least for the case of DMAD tested. Notably, even the use of Me 3 NO for activation resulted in no reaction and since 2 was recovered in 87% yield (entry 26), little if any oxidation of carbonyl ligand occurs. Since replacement of two CO ligands by the poorer -accepting phosphite ligands will increase the Mn-CO bond order for the remaining CO ligands, this suggests that the reactivity of Me 3 NO with strongly coordinated CO is simply lost. It seems unlikely that alkyne would not coordinate if a metal coordination site were available as we have observed electron-deficient alkene (methyl acrylate) insertion in the complex of 3-acetyl-2,5-dimethylthiophene cyclometallated by Mn(CO) 2 [P(OMe) 3 ] 2 under thermal conditions [12] .
The 3-acetylindole complex 3 fails to give clean coupled product with DMAD or 2-hexyne (entries 28, 29) but for diphenylacetylene in petroleum spirit, the same coupled product 6b as from the 1-acetyl complex 1 (entry 6) is unexpectedly obtained, though in comparatively low yield (entry 27). Possibly this occurs (Scheme 3) through cyclisation then deacetylation at C3 by -aryl- The product 8 is not thermally stable and on heating achieves what is presumably energetically optimal coordination as the cyclopentadienyl complex 9a (9b on heating in the presence of trimethyl phosphite). Possibly 8 is the product of kinetic control and when heated it reverts to its precursor (see Scheme 4) from which 9a is formed as the product of thermodynamic control by an alternative Mn-mediated hydride migration from the cyclopentadienyl to benzylic carbon (position 1') of 9a. Thermally promoted migration of this general type has long been known for endo-H in -cyclohexadienylMn(CO) 3 complexes [15] . 
Crystal structures
This is the first structural determination for an orthomanganated aldehyde. The analysis was complicated by twinning of the crystal and pseudo-symmetry, but a sensible refinement was ultimately achieved for the four independent molecules in the asymmetric unit. The structure of one of the molecules is presented in Figure 1 . It has the expected Mn(CO) 4 group attached at C (2) (systematic numbering) of the indole ring and to the formyl oxygen atom to give a five-membered ring. This manganacyclic ring is planar, and the average Mn-C and Mn-O bond lengths [2.003 (11) and 2.071 (8) cyclomanganation of aldehydes is generally less predictable than for aryl ketones.
Dimethyl 1-methyl-l-hydroxypyrrolo[1,2a]-indole-2,3-dicarboxylate (6a)
This structure was determined to confirm that insertion of the alkyne and cyclisation had occurred to give a pyrrolo-indole skeleton ( Figure 2 ). The determination was limited by a weakly diffracting crystal but overall features are clear, the key finding being that the reaction of 1 with alkynes does
give the tricyclic core of the mitomycin group of antibiotics. Two other pyrrolo-indole derivatives have been structurally characterized [16] , and the present example matches parameters with those of the earlier determinations, within the precision of the determination.
The

-allyl complex 8
The crystal structure determination revealed the molecule shown in Figure 3 . There is a Mn(CO) 3 group that has remained coordinated to the 3-acetyl group of the indole. It is also 3 -coordinated to an allyl moiety that is part of a methylene-cyclopentadiene group attached at C(2) of the indole.
This group has clearly been formed by linking of three molecules of C 2 H 2 as discussed earlier. For the allyl group the exocyclic C(8)-C(9) bond is significantly longer, 1.442(6) Å, than the internal one C(9)-C(10), 1.376(6) Å, with the manganese atom closest to the external carbon atom. This is a similar pattern to that observed in the related ruthenium compound 10 where again the cyclopentadiene-allyl ligand was formed in situ by trimerisation of acetylene [14] .
Conclusion.
There are now four routes that have been observed for reactions of cyclomanganated ketones with alkynes: (i) monoinsertion followed by addition across the C=O bond to form a fivemembered ring as for 6a; (ii) monoinsertion followed by acetyl-group migration to form an enone group as in 7b; (iii) triple insertion and cyclisation to give a six-membered 
Preparation of cyclomanganated complexes 3.2.1
The standard cyclomanganation procedure is as described for 1-acetylindole: 
(1-
)tetracarbonylmanganese (1; 203 mg, 0.623 mmol), and trimethylphosphite (0.37 mL, 3.14 mmol) were added to nitrogen-saturated heptane. . The single crystal X-ray structure analysis of 5b is reported below.
(1-Methyl-3-acetyl-O-indolyl-
(1-Methyl-3-formyl-O-indolyl-
Coupling reactions of alkynes with cyclomanganated compounds
Standard methods (a) Thermally promoted
The orthomanganated compound (100 mg) and alkyne (1.2-2. [20], acetylene would be in continuous large excess of the manganated complex (<0.5 mmol in 20 mL solvent) were the reactions run at this temperature, but we can find no data on acetylene solubility in benzene or alkanes nearer their boiling points. Irrespective of its molar excess at any time, however, acetylene is continuously replenished as it reacts.
(b) Oxidatively induced with Me 3 NO
The standard method is as in (a) except that only the orthomanganated compound was dissolved initially. After flushing with nitrogen, trimethylamine-Noxide (ca 1.4 mole equivalent) was added and the solution was stirred under nitrogen for 15 min.
(development of an intense yellow colour). The alkyne was then added and the mixture was stirred at ambient temperature for 3-24 h. The extent of reaction was monitored by thin layer chromatography; if any orthomanganated compound still remained after 24 h the solution was heated under reflux for approximately an extra 40 min., by which time t.l.c. showed the reaction to be complete. The standard procedure for DMAD in (i) was unsuccessful in giving any coupling product.
Thermally promoted reactions of (1-acetyl-O-indolyl-C
Apart from small quantities of residual 1 the only material separated by p.l.c. using 1:4 ethyl acetate/petroleum spirit was demetallated product 1-acetylindole: Benzene (22 h Corresponding outcome: MeCN (3 h ambient): 7% 6b plus 80% 1-acetylindole.
Me 3 NO-activated reactions of (1-acetyl-O-indolyl-C
(iii) With 2-hexyne The standard procedure in (i) applied to 2-hexyne in both benzene and in acetonitrile, gave no analogues of 6, only 1-acetylindole (52% in benzene; 81% in acetonitrile). ) and 1-acetylindole (7 mg, 13%). When the reaction was repeated in acetonitrile at ambient temperature but with 1.4 mol Me 3 NO for 27 hours, p.l.c. (1:2 hexane/ethyl acetate) gave unreacted 2 (87%) and 1-acetylindole (8%). For the corresponding reaction with DMAD (after 26 h) and 2-hexyne (6 h), t.l.c. showed the presence of unreacted starting material and no other major organic products. 
Attempted Pd(II)-promoted coupling reaction of (1-acetyl-O-indolyl-
Reactions of (1-acetyl-O-indolyl-C
Thermally promoted reactions of (3-acetyl-O-indolyl-C
Reactions of (1-methyl-O-acetyl-2-indolyl-
Single crystal X-ray structure determinations.
For all structures data were collected on a Nicolet R3 diffractometer using standard procedures.
Data were corrected for absorption using an empirical method based on a series of scans for 8. Total data 7748, unique data 4912, (R int 0.0013), 4°< 2 < 50°. However, one of the two crystallographically independent molecules was translationally disordered.
(1-Methyl-3-formyl-O-indolyl-
The constraint of an a-glide plane was dropped, leading to four crystallographically independent molecules in space group P2 1 (non-standard setting x, y, z and ½-x, ½+y, -z), where one pair of molecules (the sets headed by Mn' and Mn") was very closely related by a pseudo a-glide, while the second pair of molecules (formerly disordered) now were ordered in well separated sites (the sets of atoms headed by Mn and Mn*). On further refinement the value of R 1 dropped to 0.048.
About eight missing hydrogen atoms were readily apparent in a difference Fourier map (calculated from data de-twinned using the current value of ). The penultimate R 1 value for a model with only the Mn and carbonyl oxygen atoms anisotropic was 0.036. In breaking the pseudosymmetry, and in space group P2 1 with unequal twin components, there are several possible relative orientations of the four independent molecules. The combination originally selected led to a false minimum;
performing an a-glide operation on each of the non-pseudo-a glide related molecules (the sets of atoms headed by Mn and Mn2) led to the parameters reported here as final. Final refinements (on
were on all data, with manganese and carbonyl oxygen and carbon atoms allowed anisotropic displacement parameters, leading to final values of R 1 and wR 2 of 0.0453 and 0.1224 respectively, and to a final value for the twinning parameter, , of 0.296 (3) . All calculations were with SHELXS-86 and SHELXL-93 [22] .
Dimethyl 1-methyl-l-hydroxypyrrolo[1,2a]-indole-2,3-dicarboxylate (6a)
Only a weakly diffracting crystal was found, so the structure determination is of low precision, but confirms the overall geometry. Crystal data: C 16 (all data), residual e •|0.96| e Å |0.96| e Å -3 . The structure was solved and refined routinely. Captions to Figures. Figure 1 The structure of one of the independent molecules of (1-methyl-3-formyl-O-indolyl- O (12) O (11) O (14) C (14) O (13) C (13) C (8) C (3) C (4) C (5) C (6) C (7) C (12) O(1) C(1) N(1)
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